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Climate change and variability are happening in Tanzania, and their impacts are felt in the
socioeconomic sectors, as they have resulted in the decline of agricultural productivity
and increased deforestation. This study assessed the actual changes in deforestation
levels and improved livelihoods caused by the adoption of climate-smart agriculture
(CSA) practices. Data were collected through semi-structured household questionnaires,
focus group discussions, key informants, GIS tools, and observations. Quantitative data
were analyzed using Arc GIS 10.3 software, SPSS version 16.0, and Excel Spreadsheet,
while qualitative data were analyzed through content analysis techniques. The findings
show that farmers’ livelihoods have improved and also deforestation levels decreased as
a result of increased adoption of CSA during the past 30 years. Deforestation levels
have been reduced from 64.6 ha per year during 1985-1995 to 11.8 ha per year
during 1995-2005 and to 10.4 ha per year during 2005-2017. Further findings showed
that the agricultural area had been decreased from 4,534 ha in 1995 to 4,039 ha in
2017, which is evidence that after the scale-up of CSA from the year 1992, agricultural
practices were not contributing much to deforestation, while increased crop production
and income were observed, which in turn supported farmers in enhancing food security,
purchasing production tools, livestock, and payment for medical services, school fees,
and construction of modern houses. We found that adoption of CSA systems such as
agroforestry (i.e., agrisilviculture) is very crucial for improving farmer’s livelihoods and
reducing deforestation. Therefore, farmers need close mentoring on climate-resilient
agroforestry systems, such as agrisilviculture.
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INTRODUCTION

Climate change (CC) is currently at the forefront of debates and
discourses on global environmental change (O'Neill et al., 2017).
The global nature of causes and consequences of CC implies the
need for international collective action for an eflicient, effective,
and equitable policy response (Harris, 2007). The United Nations
Framework Convention on Climate Change (UNFCCC, 2008)
identified two policies responsible for addressing CC, which
include mitigation of CC by reducing greenhouse gases (GHGs)
in the atmosphere and enhancing carbon sinks and adaptation to
the impacts of CCs in the world, where climate-smart agriculture
(CSA) acts as CC adaptation and mitigation intervention.

CSA refers to an approach that sustainably increases
productivity, enhances resilience (adaptation), reduces GHGs
(mitigation) where possible, and enhances achievement of food
security and development goals (FAO, 2013). It helps people who
manage agricultural systems to respond effectively to CC (Lipper
et al., 2014). The CSA sustainably increases productivity and
incomes without degrading forests, adapting to CC and reducing
GHG emissions where possible.

Agriculture provides an important income source to the
community in rural areas (Heidhues, 2001). Developing the
potential to increase the productivity and incomes from
smallholder crop, livestock, fish, and forest production systems
will be the key to achieve global food security over the next 20
years (Sage, 2013). CC is expected to hit developing countries
the hardest, and its effects include higher temperatures, changes
in precipitation patterns, rising sea levels, and more frequent
extreme weather events (Kifle, 2008). All of these pose risks
for agriculture, forests, and food and water supplies. CSA as a
resilience approach is, therefore, a predominant concern.

The CSA plays a potential role in responding to CC and
variability (CCV) impacts such as withstanding prolonged and
intensive dry seasons as well as in reducing pressure toward
natural forests (Nyasimi et al, 2017). For example, trees in
agroforestry components can increase the capacity of seasonal
crops to tolerate drought and thus support farmer’s food security
by avoiding total crop failure in the farm (Ekpo and Asuquo,
2012). In Tanzania, CSA systems have shown good performance
even in the changing climate (Pye-Smith, 2010; Charles et al.,
2013; Uisso, 2015). For example, a study by Pye-Smith (2010),
in the Shinyanga Region, reported restoration of the previously
deforested shrubs for fodder (Ngitili) from 600 to 500,000 ha in
the periods of 1980’ and 1990’s.

For the context of this study, agroforestry, particularly
agrisilviculture, as one of CSA practices has been analyzed in
the study area. This system involves the integration of trees and
other large woody perennials into crops farming, with the aim
of conserving trees and improving soil fertility. Various areas in
Tanzania have validated the good performance and contribution
of the introduced agroforestry practices (i.e., agrisilviculture) to
community livelihoods and land management (e.g., Shalli, 2003;
Maduka, 2007, Shilabu, 2008; Namwata et al., 2012; Ruboya,
2013), yet little has been documented and published regarding
the extent of reduced deforestation due to the implemented
agroforestry system in the study area. Furthermore, few studies

that assessed the role of agroforestry in reducing deforestation
in Tanzania mostly assumed that due to increased yield of
agricultural crops and forest products on farm land, deforestation
has decreased (e.g., Ramadhani et al., 2002). Ramadhani et al.
(2002), also in the Tabora District, assessed the potential of
rotational woodlot in improving household income and reducing
deforestation and revealed that the practice supported farmers
to generate additional income and had a potential to conserve
1,875 ha of forests per year. However, this has been challenged
by Schroth (2004), who argued that the connections between
agroforestry and use of surrounding forest areas are complicated
functions, and without actually measuring deforestation rates,
nothing can be really concluded about change in deforestation.
However, in a study conducted in a neighboring Lushoto District,
Ilomo (2014) claimed that the existing agroforestry practices were
not enough for environmental conservation as whole, as majority
of population still used the surrounding natural forests for their
firewood needs and cleared farmland in high speed.

A study by Charles et al. (2013) in the Mwanga District
assessed agroforestry as a tool in CC adaptation and revealed that
the system produces a variety of products that increase farmer’s
resilience to climate stresses. Also, another study by Uisso (2015)
assessed agroforestry as a CC adaptation option and found that
agroforestry systems can help withstand the impacts of CC. The
study recommended that agroforestry practices that support CC
adaptation and mitigation should be given priority. The study
further recommended that linking agroforestry with payment for
ecosystem services schemes such as carbon credit mechanisms
can enhance the adaptive capacity of agroforestry practitioners.

While these studies shed superficial light on the possible
contribution of agroforestry in CC adaptation and mitigation as
well as sustainable forest management (SFM), there is limited
research on the role of CSA in reducing deforestation in the
changing climate. Some studies like those of Ramadhani et al.
(2002) and Pye-Smith (2010) assumed that due to the increased
yield of crops, forest products, and adoption of agroforestry,
deforestation has decreased, but the actual measured levels
of reduced deforestation were not calculated in these studies.
Therefore, this study sought to uncover the potential of CSA
(i.e., agroforestry) in addressing deforestation problems and
also enhancing crop productivity in the Kilindi District. We
examined the change in deforestation levels and improved
farmers’ livelihoods as a result of CSA practices in the Songe-
Bokwa landscape, Kilindi District. Specifically, the study (1)
determined farmers’ perception on CCV, (2) examined the
contribution of CSA to farmers’ livelihood in the changing
climate, and (3) assessed the potential contribution of CSA in
reducing deforestation levels.

THE CONTEXT OF AGROFORESTRY
SYSTEMS AND FARMERS’ LIVELIHOODS

This study is based on the conceptual framework (Figure 1)
modified from USAID Forestry Programs (2009). The
framework explains the role of land use productivity in
improving livelihoods and natural resources. It further
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FIGURE 1 | Conceptual framework for integrating climate change in agriculture and forestry landscape.

links failure on sustainability of land use functions due
to socioeconomic factors and vulnerability to climate
stress, and therefore, interventions to improve land use
productivity under climate stress such as agroforestry systems
are assumed to enhance sustainable functioning of the
landscape ecosystems.

High population growth, poverty, and limited support from
the government are the main factors that drive farmers to practice
unsustainable farming practices (Ndaki, 2014; Kideghesho,
2015). Farmers fail to buy agricultural inputs to maintain long-
term productivity in their farm. Simultaneously, fallow periods
for shifting cultivation have been reduced due to population
pressure. As a result, farmers are forced to open new farms in the
primary forests to maintain productivity. Moreover, CCV have
been reducing crop productivity due to rapid reduction of soil
nutrient and soil moisture (Pauline, 2015). This has led to crop
failure, thus exacerbating the tendency of clearing of forests for
fertile and moist soil as well as overharvesting of forest products
to cope with food insecurity (Yanda and Mubaya, 2011; Ndaki,
2014).

To reduce food insecurity, forest degradation, and
deforestation, farmers practice agroforestry as well as manage
the existing natural forests. According to Ndaki (2014), farmers’
willingness to implement sustainable interventions increases
if they realize that their unsustainable livelihood activities will

continue to affect their own livelihood. The agroforestry practices
can result in better yield, as a wider variety of components are
integrated as compared with monoculture farming. However,
agroforestry will only have an effect on the landscape as a
whole if supported by good government policy, such as land use
planning and participatory forest management. The integrated
and improved agriculture and forest land use will enhance
better livelihoods and forest condition. Improved livelihoods
and forest condition will enhance biodiversity conservation;
reduce poverty and community vulnerability to climate
stresses; and, thus, ensure sustainability of both agriculture and
forest landscapes.

Trees integrated with crop farming provide farmers with
diversity of products including crops, timber, fuelwood, building
poles, fruits, fodder, and medicinal plants. These products can
directly be consumed for domestic uses or used for additional
income generation (Karwani et al., 2016). For example, Joseph
(2015) found that in the Morogoro District, crop productivity
increased after implementation of agroforestry. Likewise, Ruboya
(2013) found that in the Meatu District, the agroforestry practice
contributed 44 and 62% of the total household income and
food produced, respectively. A study conducted in the Maswa
District by Shilabu (2008) found that agroforestry is a more
reliable option for sustaining food security and income than
monoculture. However, due to low adoption rates of agroforestry
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practices in the district, the trend in increased food supply was
not statistically significant. Furthermore, a study in the Gairo
District by Kalineza et al. (1999) concluded that agroforestry
practiced in this area was the most popular soil conservation
intervention and provided multiple natural resource products
to farmers.

METHODS
Descriptions of the Study Area

The study was conducted in two villages adjacent to Songe-
Bokwa Forest in the Kilindi District. The forest is surrounded
by four villages, namely, Bokwa, Kwamba, Vilindwa, and Songe,
found in Bokwa and Kwamba wards (Figure 2). The district
extends between latitudes 5°18" and 5°48 S and longitudes 35°
and 37°45 E. The district has an area of 6,443.52 km?, and it
is divided into 20 wards). The Kilindi District has a population
of 236,833 people based on the last census of 2012 (United
Republic of Tanzania, 2012). However, the population provided
by village leaders during a household survey was 4,900 and 3,560
for Bokwa and Kwamba villages, respectively. The Kilindi District
is one of the 10 districts of the Tanga Region. It is bordered
by Handeni and Simanjiro Districts to the north, Mvomero and

Kilosa Districts to the south, Handeni District in the eastern side,
and Kiteto and Simanjiro Districts to the west.

The district is characterized by arid and semiarid climate
conditions. It has two rainy seasons, the short and the long,
from October to January and from March to June, respectively.
The mean annual rainfall is about 750 mm, while the average
temperature varies from 27 to 30°C, except for highland areas
where temperatures go below 27°C. The cooler season is during
June and September, while the hottest one is between December
and March.

Sampling Design

The study used random and purposive sampling designs to
collect both quantitative and qualitative data. The purposive
sampling was used to select the two representative villages in
the study area, key informants and members of focus group
discussions (FGDs). Factors considered in purposive sampling
included villages with the most degraded and those with healthy
forests, farmers from different farming types (climate-smart and
non-climate-smart practices), farming system-knowledgeable
farmers, and those living in the village for at least 30 years. A
simple random sampling technique was used to select households
interviewed through a questionnaire. Pieces of paper with a
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FIGURE 2 | Map of Kilindi District showing the study villages (source: IRA GIS Lab, University of Dar es Salaam, 2017).
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number representing names of household heads in the village
were picked randomly one by one to choose the respondents.
After the papers were picked, the selected sample was assessed
and confirmed to contain a reasonable representation of CSA and
non-CSA farmers and a high percentage of those living in the
village for at least 30 years.

The study employed a sample size of 5%. At least 30
respondents resulted from 5% of the total population in each
study village. This is a valid representation according to Bailey
and Mouton (1998), who recommended that for studies that use
statistical data analysis, a minimum of 30 respondents is enough
to represent the population.

DATA COLLECTION

Primary Data

The primary data were collected through the use of the
household survey, key informant interviews, and FDGs. The
tested semi-structured questionnaires were administered to
household respondents. The questionnaire collected information
on demographic characteristics, livelihood activities and status,
agricultural productivity, forest utilization, deforestation
status, the productivity of CSA practitioners, and community
perceptions on CCV. Two FGDs were done in each village
whereby each group comprised eight members, one group for
each sex. Discussed topics include land use change, farming
systems, farm productivity, forest resource availability, farmers’
livelihoods for the past 30 years, and drivers for the identified
changes. Similarly, necessary measures taken to improve changes
in farmers’ livelihoods and forest condition were also part of
the discussion. Other topics discussed were the trend of CCV
variables (e.g., rainfall and temperature), its impacts on farmers’
livelihoods and forest conditions, and farmers responses to
impacts of CCV. Furthermore, for triangulation purposes, key
informant interviews with selected village leaders and elders,
ward executive officers, extension officers, ward and district
agricultural officers, and forest and land officers captured
detailed information on the same aspects as FGDs.

Secondary Data

Remote Sensing Data

Four Landsat Thematic Mapper (Landsat TM) images of 1985,
1995, 2005, and 2017 taken during the dry season (Table 1)
covering Kilindi District were downloaded from United States
Geological Survey (USGS) in the EarthExplorer archive. Dry-
season images were preferred to facilitate differentiating the land
covers easily, especially the green vegetation and water body
cover (Thenya, 2001). Besides, the land use map was collected

from Kilindi District Land office and saved as a reference in land
use/land cover classification.

Analysis of Changes in Forest Land Use

The process involved projection of satellite images, satellite
image classification, selecting training samples and signature
development, supervised image classification, accuracy
assessment, and change detection analysis.

e Projection of Satellite Images

The collected satellite images were pre-processed first before
being analyzed; the process involved projecting them to Universal
Transverse Mercator (UTM) zone 37S, which corresponds to
Tanga Region; then red, green, and blue (RGB) composite color
images were created for each year. RGB was created by layer
stacking, which involved Bands 2, 3, and 4 for Landsat TM 4-5
and Bands 3, 4, and 5 for Landsat 8. Each image with composite
color was extracted to cover the study area by using the study
area map.

o Satellite Image Classification Process

Supervised image classification was opted purposely because the
whole process is controlled by the user especially on deciding the
number of classes to be identified, creation of training samples,
and detailed knowledge about the real study area land use and
land cover distribution (Coppin and Bauer, 1996).

e Selecting Training Samples and Signature Development

The training samples representing the pixels with particular land
covers were created by using polygons with the aid of GPS
points, Google Earth image, and land use map of the study
area. The land use classes identified were bushland, agriculture,
forests, and settlements. The same training samples were stored
and used to create signature file for the entire supervised image
classification process.

e Supervised Image Classification

Supervised image classification was done after creation of
signature file; each composite image was supplied in the so-called
maximum likelihood classification algorithm as input together
with the associated signature file. After the algorithm was run,
the land use and land cover maps with trained classes were
produced and ready for the classification accuracy assessment
process. All these processes were performed on each image in
ArcGIS 10.3 software.

e Accuracy Assessment

TABLE 1 | Characteristics of Landsat TM images collected.

Satellite images Resolution Path and rows Season Collection date
Landsat TM 4-5 30 x 30m 167/064 Dry 10/7/1985
Landsat TM 4-5 30 x 30m 167/064 Dry 2/7/2095
Landsat TM 4-5 30 x 30m 167/064 Dry 7/7/2005
Landsat ETM 8 TIR/OLI 30 x 30m 167/064 Dry 10/7/2017
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The assessment of classification accuracy was performed on
each classified map by comparing the land use classes with
25 GPS points showing the current land use (collected during
ground truthing) and then creating an error matrix table; the
producers, users, and overall accuracy were calculated from the
table in Microsoft Excel Spreadsheet, as suggested by Coppin
and Bauer (1996). Classification accuracy of min. 70% was
considered acceptable. The formula used in accuracy assessment
includes that of overall accuracy, user’s accuracy, and producer’s
accuracy, whereby

Overall Accuracy = Sum of correct classified/Number of
observation * 100

User’s Accuracy = Total correct classified pixels in the
row/Total pixels in the row * 100

Producer’s Accuracy = Total correct classified pixels in the
column/Total pixels in the column * 100

e Change Detection Analysis

The statistics from classified land use and land cover maps of
1985, 1995, 2005, and 2017 were used to detect the changes that
occurred in a period of 32 years. Change detection involved
finding the quantities of the land use/land cover changed,
locations where the changes occurred, and the type of changes
that occurred at a certain defined time interval (Kashaigili et al.,
2006). In a post-classification process, quantitative changes were
detected by comparing the successive pairs of classified maps by
subtracting the quantities of the current land use class from the
quantities of the past land use class; the differences obtained from
each pair were converted to percentage of change by using the
following formula.

Percentage on change = Area of observed change/Total area
*100
Through change detection, it is possible to deeply understand
the anthropogenic interference in the land use and land cover
of an area; hence, this can also help to understand the role of
agroforestry in protecting natural forests.

Meteorological Data

To obtain the trend and the change of rainfall and temperature
patterns in the study area from 1985 to 2017, the collection
of measured monthly rainfall and temperature for the Kilindi
District was necessary. These data were obtained from the
Tanzania Meteorological Agency (TMA) head office in Dar
es Salaam.

Data Analysis

Data in this study on the contribution of CSA to farmers
livelihoods and SFM were subjected to analysis of variance
(ANOVA) using the SPSS software package (Copyright SPSS
for Windows, Chicago: SPSS Inc.) to compare if there is a
statistical difference in productivity between the CSA and non-
CSA practitioners. Linear regression and descriptive statistics for
temperature and rainfall data were run to obtain the relationship
and the means, respectively, using R software. The results were
presented in tables, figures, and maps. This includes data on
trends of land use size, agricultural productivity, forest resource
availability, impacts of CSA in livelihoods and deforestation

TABLE 2 | Description of land use/cover classification schemes.

Land use type Attributes

Bushland Areas with shrubs, agroforest,
pasture, and thickets

Agriculture Areas with land for crop production

Forest Areas with natural forest

Settlements All types of buildings

levels, households’ perceptions on CCV, and its trends for the
past 32 years.

The qualitative data were analyzed using transcribing,
describing,  classification, and  connection  techniques.
Transcribing involved judgments about what level of detail
should be chosen from the collected information to develop
specific ideas (transcripts/scripts). The transcripts were then
comprehended in a form that can be easily interpreted
(describing). The described data were interpreted and
grouped into coherent classes (classification). Finally,
connection of the data from different classes was done
to get meaningful statements. Socioeconomic information
helped to give details on the perceived and observed
trends in climate (rainfall), agricultural productivity,
agroforestry farming practices, land use changes, and their
underlying drivers.

The analysis of remote sensing data utilized the supervised
image classification. This involved the creation of a signature
file (Table 2) where each composite image was supplied in the
so-called maximum likelihood classification algorithm as input
together with the associated signature file. After the algorithm
was run, the land use and land cover maps with trained
classes were produced and were ready for classification.
All these processes were performed on each image in
ArcGIS 10.3 software.

RESULTS

Main Economic Activities and Source of

Income

The findings show that a relatively high percentage (60.4%)
of source of household’s income in the study area comes
from climate-sensitive sectors (sale of agricultural crops, forest
products, and livestock). The remaining 39.6% come from
informal work, sale of bricks, carpentry, and formal work
(Figure 3). This concurs with past studies showing similar
findings that the majority of households source their income
from climate-sensitive economic activities like crop farming (e.g.,
United Republic of Tanzania, 2002; Paavola, 2008; Rowhani et al.,
2011).

Climate Change and Variability

Respondents perceived that CC is occurring in the study area
as they witnessed repeatedly prolonged dry spells, floods, and
erratic rains. The results in Table 3 indicate that CCV had led
to a decrease in crop production. Figure 4 shows that 38.7, 18.6,
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TABLE 3 | Estimate of crop harvest per acre in a bag of 90 kg during bad and
good climate conditions.

Crop type No. of Bad climate Good
responses condition climate
condition
Maize 78 4.18 11.35
Beans 78 1.95 5.54
Pigeon pea 78 1.73 3.39
Tobacco 62 12.40 17.75
Mango 67 48.34 86.73
Cassava 33 43.20 63.20

and 12.8% of households perceived that CCV resulted in food
shortage, decreased income, increased disease outbreaks, youth
emigration, and rise of food price.

The findings showed that 31.4% of households were still
practicing non-CSA practices. About 90% of the non-CSA
practices shift cultivation by clearing intact forests, thus
decreasing the size of forest land. One key informant from
Bokwa village stated that during critical crop failure due to
climate stresses (which usually hits the majority of villagers
simultaneously), the lives of most of the households depend
on the forest resources. Also, as an alternative income channel
during the low rainfall period, farmers cultivate tobacco
in the forest where enough moisture still prevails in the
soil. Unfortunately, tobacco cultivation involves clearing of

forests for field and firewood used at the time of curing
(drying). Also, nomadic pastoralists have been clearing forests
in the area to establish a temporary settlement while looking
for pasture.

The practiced CSA practices include agroforestry,
conservation agriculture, integrated nutrient management,
and agronomic techniques such as cover crops, improved
crop varieties, drought-resistant crops, intercropping, and
crop rotation.

The Rainfall and Temperature Trends

The findings demonstrated no significant variation in annual
mean rainfall (mm/year) [F(; 31) 0.04, p > 0.05] between 1985 and
2017. However, the highest annual mean rainfall was recorded
in 1997 (199 mm) and the lowest annual mean rainfall in 2005
(5.08 mm) (Figure 5).

Also, the variation of annual temperature in the study
area was not significant [F(;3;) 0.04, p > 0.05]. The highest
temperature was recorded in 2003, 2007, and 2009 (Figure 6)
and the lowest in 2013 and 1989 (Figure7). The lowest
annual mean temperature was observed in 1985-1988, 2000-
2010, and 2013-2017. The highest annual mean minimum
temperature was recorded in 2003, while the lowest annual
mean minimum temperature is observed in 1989. Generally,
there was high variability of annual mean maximum and
minimum temperature and with many recorded high
temperatures from 2000 to 2010 compared with the previous
years (1985-1999).
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Contribution of Agroforestry to Farmers’

Livelihoods
The productivity in farms under the practice of CSA was higher
than in non-CSA farms based on t-test (¢ = 0.05, df = 5,
p = 0.0431; Table 4). Also, the production of crops after the
introduction of CSA was higher than before the practice («
= 0.05, df = 5, p = 0.028; Table5). This trend indicated
the improvement in the livelihood of agroforestry practitioners,
as high crop production enhances food security, purchasing
production tools, livestock, and payment for medical services,
school fees, and construction of modern houses.

According to farmers, agroforestry helped them to increase
crop productivity. The findings show that there is a significant

increase in crop harvest after farmers engaged in agroforestry
(Table 4). This has led to increased food security (19%), buying
production tools (16%), supporting medical services (15%),
improved household income (13%), purchasing livestock (13%),
paying school fees (13%), and construction of modern houses
(11%) (Figure 8). Through comparison of average crop harvest
before and after agroforestry practices from the data provided by
interviewed household, the study proved that there is a significant
increase in crop harvest after farmers engaged in agroforestry
(Table 6). Since crop farming is the main economic activity for
58% of households in the study area, it is logical to assume that
most of the income for supporting non-food services came from
selling part of the food crop.
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Contribution of Climate-Smart Agriculture

in Reducing Deforestation

The findings from key informants and FGDs revealed that before
the intensification of CSA practices in the 1990, there was a
high rate of deforestation. It further affirmed that from the 2000’s
onwards, the rate of clearing forests for opening new farms
has been decreasing due to the adoption and practice of CSA.
Key informants also elaborated that the establishment of the
Kilindi District resulted in high demand for land for settlements.
Settlements occupied much of the agricultural area and forced
some farmers to open new farms in the forests to compensate

for the lost farming areas. Maps from satellite images also show
that deforestation levels during the period of 1985 to 2017 have
decreased (Figures 9A-D). In the period from 1985 (Figure 9A)
to 1995 (Figure 9B), 646 ha of forest disappeared; from 1995 to
2005 (Figure 9C), only 118 ha disappeared; and from 2005 to
2017 (Figure 9D), deforestation went down to 104 ha. Further
findings showed that the agricultural area had been decreased
from 4,534 ha in 1995 to 4,039 ha in 2017, which is evidence
that after the scale-up of CSA from the year 1992, agricultural
practices were not contributing much to deforestation (Table 6).
Other factors that might have contributed to a decrease in
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TABLE 4 | Comparison of crop production between CSA and other farming practices.

Crop Harvest in non-CSA Harvests in CSA
Min Max Mean Min Max Mean
Maize 3.0 15.0 8.678 5.0 20.0 13.220
Beans 1.0 8.0 3.580 2.0 15.0 8.356
Pigeon pea 1.0 8.0 3.085 2.0 14.0 6.220
Tobacco 7.0 20.0 12.651 1.0 20.0 16.766
Mangoes 10.0 95.0 53.315 10.0 110.0 60.315
Cassava 2.0 156.0 38.103 4.0 30.0 61.621
CSA, climate-smart agriculture.
deforestation include the level of community awareness on  TABLE 5 | Comparison of crop harvest per acre in a bag of 90kg for
SFM, law enforcement, and limited suitable forest landscape for climate-smart farmers before and after engaging in CSA interventions.
opening farms..Also, findings mdlc.ate that during 1985-1995, Fhe Crop type No. of Before CSA After CSA
size of the agricultural area had increased by 3,721 ha; during responses practice practice
1995-2005, it increased by only 11 ha; and thereafter, the size
of agricultural land decreased by 506 ha during 2005-2017. This ~ Maize 56 5.21 11.02
is an indication that from 1995 to 2005, agricultural activities  Beans 56 2.86 6.41
contributed very little to deforestation, while during 2005 t0 2017, pigeon pea 47 250 4.43
aI_Igrlculturek did n;)t have any dlrectdco;lltrlljlutlon to defore;tatlon. Tobacco 36 12.34 17.05
owever, key informants reported that during 2005 and 2017,
Y K P g . Mango 53 57.23 74.15
some forests converted into new farms as part of agricultural
Cassava 42 41.22 64.82

land were converted to settlements. Also, it had been noted that
during 2005-2017, the size of bushland, forest, and agricultural
land were decreasing, while the area for settlements increased.

DISCUSSION

Repeatedly prolonged dry spells, floods, and erratic rains
confirmed respondents’ perception that CC is happening in the
study area. This perception was congruent with observed rainfall
records from the Kilindi District as reported by Mjata (2015).
The study revealed that there was rainfall variability, a shift
in rainfall patterns, and an increase in temperature since the
1980’s. Also, the study of Magreth and Bushesha (2017) on the
potential of forest resources on adaptation to CCV in the Kilindi
District revealed that farmers perceived that CC has prolonged
droughts and shifts in rainfall patterns. Similar perceptions have
been given by farmers in the Great Ruaha sub-basin: rainfall
pattern is fluctuating and temperature increases (Pauline et al.,
2017, Pauline and Grab, 2018). Likewise, farmers perceived that
CC affects agriculture, forestry components, other environment
components, and household livelihoods. The findings show that
CCV led to a decrease in crop productivity. The study by Yanda
et al. (2005) observed a similar trend that in Tanzania, CCV has
caused a general decline in crop productivity.

The climatic conditions leading to a decrease in crop
harvesting includes decreased rainy days, prolonged dry spell,
floods, and unpredictable (early and late) rainfall onset. The
findings from key informants and FGDs revealed that low rainfall
triggers pest and disease outbreaks. During field observations,
it was confirmed that crops had been attacked by pests and
affected by floods. It was also highlighted that despite CCV, loss

CSA, climate-smart agriculture.

in soil fertility and moisture in the farms was attributed to low
knowledge and limited capital for practicing sustainable farming
methods. The perceived CCV increased the rate of soil moisture
and nutrients loss and thus exacerbated the decrease in crop
productivity. Other studies including Yanda and Mubaya (2011)
and Ndaki (2014) also concluded that climatic stress intensifies
the loss in soil moisture and nutrients leading to food insecurity
and degradation of the natural resources. One key informant
from Kwamba village stated that “we used to abandon a piece of
land for about 8 years to restore its fertility, but presently we can
only leave it on fallow for not more than 4 years.” This agrees with
the findings of Kilawe (2016) that in Kilosa traditional shifting
cultivation in Tanzania is mainly transformed into short fallow
and permanent monoculture.

Furthermore, findings show that CCV affect some agricultural
components. The annual crops and livestock are major victims
than the trees. In one of the farms in Bokwa village, it was
observed that sugarcane had been eroded by floods while the
trees in the same field withstand the impacts. This finding is
supported by Thorlakson and Neufeldt (2012), who also found
that trees had been more resilient to extreme weather events
such as floods and drought and thus helps to reduce the risk of
crop losses.

Farmers perceived that CC resulted in increased pest
outbreaks, a rise in temperature, deforestation, decreased water
table, and a decline in rainfall. The findings from FGDs affirmed
that during critical crop failure, some farmers have been relying
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on charcoal making, which involved clearing the forests, and
most of the water wells around the cleared forests dried. Similarly,
Ndaki (2014) reported the same incidence that during the periods
of crop failure, the rate of cutting of trees for charcoal making
increased to provide an alternative source of income.

Also, households perceived that CC affects household
livelihoods. According to them, it resulted in a shortage of
food, a decrease in income, youth emigration, increased disease
outbreaks, and increased cost of food. A similar situation
was also noted in the Great Ruaha River sub-basin that the
shift in rainfall onset affected the normal growth of crops
leading to reduced crop yield to the extent that farmers faced
food insecurity (Pauline et al., 2017; Pauline and Grab, 2018).
Likewise, Ndaki (2014) in his study of CC adaptation strategies
at Mkomazi sub-catchment found similar results regarding
out-migration. An increased number of men temporarily moved

to the nearby towns in search of casual work to sustain their
households during prolonged dry seasons. Liwenga (2003) in
a study on rainfall-induced crop failure, food insecurity, and
out-migration in Same-Kilimanjaro found that when farmers
faced food insecurity, they migrated outside the village to find
alternative livelihoods.

In response to the decline in crop productivity and
deforestation, farmers practiced CSA practices such as
agroforestry (i.e., agrisilviculture), conservation agriculture,
integrated nutrient management, and agronomic techniques
such as cover crops, improved crop varieties, drought-resistant
crops, intercropping, and crop rotation. The findings from
household interviews showed that farmers engaged in CSA to
solve the problem of food insecurity, reduce dependency on
forest resources, and increase household income. Farmers in
both Bokwa and Kwamba villages commented that CSA was

16.4% m Increased food production
11.2% W Construction of modern houses
@ Improved household income
Payment of school fees
@ Payment for medical services
@ Purchasing more tools of
production
@ Purchasing livestock
12.5%
FIGURE 8 | Improved livelihoods due to agroforestry.
TABLE 6 | Land use/cover area distribution in Kilindi District between 1985 and 2017.
Years 1985 1995 2005 2017
Land cover class/area Ha (%) Ha (%) Ha (%) Ha (%)
Bushland 6,276 67.01 2,690 28.72 2,716 29.00 2,484 26.52
Agriculture 813 8.68 4,634 48.41 4,645 48.53 4,039 43.12
Forest 1,471 15.71 825 8.81 707 7.55 603 6.44
Settlements 806 8.61 1,317 14.06 1,398 14.93 2,240 23.92
Total 9,366 100 9,366 100 9,366 100 9,366 100
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FIGURE 9 | Land use/land cover for the study area: (A) 1985, (B) 1995, (C) 2005, and (D) 2017.

beneficial, as it withstands the negative impacts brought by CCV.
One non-climate-smart farmer witnessed that during prolonged
dry spells, most of those who were not practicing CSA have
faced total crop failures, while those practicing agrisilviculture
harvested at least limited crops and fruit from their trees. During
field visits, it was observed that trees were less affected by climatic
stress than were other crops. These findings were also affirmed
by Charles et al. (2013) and Mngumi (2016) that practicing
monoculture is seen as a risk in bad climatic conditions, which
results in crop failure or damage.

A notable increase in crop harvest after farmers engaged in
CSA was recorded in the study area. Farmers were food secured
and gained more income through sales of their crops. They used
part of their income for paying school fees, buying production
tools, supporting medical services, purchasing livestock, and
paying house construction. This made CSA farmers more
resilient to negative climatic effects. The results are similar to
findings from other studies (Shalli, 2003; Maduka, 2007; Shilabu,
2008; Namwata et al., 2012, Ruboya, 2013) that found that CSA
practices contributed additional household food and income
to normal agricultural practices. Mahenge (2014) compared

the productivity of conservation agriculture and conventional
farming in Southern Uluguru mountains and found that the
marginal productivity of land for conservation agriculture
farmers was 366 kg/ha while that of conventional agriculture
farmers was 248 kg/ha. Maize species resistant or tolerant to
maize streak virus in Central Tanzania proved to have yielded
potential ranging from 2.5 (Kito) to 6.25 t/ha, while the local
breed is almost yielding nothing when attacked by maize streak
virus (Kaliba et al., 1998). Another study by Ilomo (2014) in the
Lushoto District revealed that 17.7% of the respondents’ annual
income has increased since they started CSA. The result lines with
that of Charles et al. (2013) who revealed that CSA practices in
the Mwanga District gave farmers benefits such as food, fodder,
and additional income from sales of livestock, fruits, and timber.
Likewise, Joseph (2015), in a study on the effectiveness of CC
mitigation interventions in Morogoro District, revealed that the
average crop production per acre has increased after farmers
started practicing CSA. A related study by Ekboir et al. (2002) in
Ghana found that no-tillage farming (conservation agriculture)
supported 62% of farmers to increase crop yield in maize,
cassava, rice, sorghum, and related crops. Intercropping and crop
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rotation in Kenya resulted in a 71% maize yield increase. Verchot
et al. (2007) reported that in Malawi, agroforestry intervention
resulted to increase in maize yield from 0.7 to 1.5 t/ha. Another
related study by Nguyen et al. (2013) in Vietnam found that
while rice and other rain-fed crops suffered over 40% yield losses
in years of extreme drought or flood, tree-based systems and
cattle were less affected. The trees provided income, food, feed,
and other environmental benefits; thus, agroforestry systems,
with high resilience and multiple benefits, made farmers food
secure during extreme climatic conditions. Moreover, Lasco et al.
(2014) studied the role of trees and agroforestry in reducing
smallholder farmer’s exposure to climatic risks in Philippines and
found that agroforestry resulted in improved crop productivity,
diversification of food sources, and increase in income. Also,
Rahman (2017) studied the impacts of incorporating trees in
smallholder farms in Bangladesh and Indonesia and found that
73% of the 176 tons of fuelwood used annually were sourced from
agroforestry tree components established through short rotation
coppice technology.

The change in forest size observed in the study area was
linked to the settlement expansion, farms, and charcoal making.
Opening farms in the intact forests was partly preferred as an
adaptation strategy to the loss in soil moisture and nutrients
due to extreme temperature. To reduce the rate of deforestation
caused by the opening of new farms, farmers engaged in CSA
practices. The findings from key informants and FGDs revealed
that before the scale-up of CSA practices from the 1990, there
was a high rate of deforestation due to regular expansion of
the farming areas. But from the 2000’s onwards, the rate of
opening new farms by cutting forest has been decreasing, as a
high percentage of the farmers are no longer practicing shifting
cultivation. This is because CSA components retain soil moisture
and nutrients that help in the growth of the annual crops.

The findings show that forest size has not stopped decreasing,
but deforestation levels have decreased. Land use/cover maps for
1985, 1995, 2005, and 2017 for the study area show significant
changes in forest size. The findings indicate that the deforestation
levels from 1985 to 1995, 1995 to 2005, and 2005 to 2017
were 646, 118, and 104 ha, respectively. Information from key
informants and FGDs shows that from 1992, there was great
awareness creation on CSA in the area, and households in the
study area started to implement CSA interventions. Therefore,
the decrease in deforestation levels from 1995 onwards is linked
to the scaling up of CSA activities in the area. During 1985-
1995, the size of the agricultural area increased by 3,721 ha;
during 1995-2005, it increased by only 11 ha; and thereafter,
the size of agricultural land decreased by 506 ha during 2005-
2017. This is an indication that from 1995 to 2005, agricultural
activities contributed very little to deforestation, while from
2005 to 2017, agriculture did not have any direct contribution
to deforestation. Also, it had been noted that during 2005-
2017, the size of bushland, forests, and agricultural land was
decreasing, while the area for settlements has been increasing.
Generally, from 1985 to 2017, the size of forest area and bushland

decreased, while agriculture and settlements increased. This is
linked to the fact that the study area became the headquarters
for the Kilindi District since 2002, and therefore there was
an increase in population, which led to high demand for
expansion of settlements and increasing crop productivity by
improving farming methods but also compensating agricultural
areas occupied by settlements.

CONCLUSION

The study revealed that there was rainfall variability, shift
in rainfall patterns, and increase in temperature in the
study area since 1980s. These changes negatively affected
agricultural productivity. This study provides empirical evidence
on reduced deforestation and improved farmers’ livelihoods due
to implemented CSA. It revealed that CSA practices help farmers
to withstand climatic stresses while improving their livelihoods
by increasing crop productivity and income. This, in turn,
improves food security and decreases deforestation. An increase
in crop productivity influenced by agroforestry has contributed
to an increased income and key livelihoods. The findings also
revealed that CSA practices were mostly emphasized from 1992,
and its implementation has contributed to the reduction of
deforestation levels. Deforestation levels have been reduced from
64.6 ha per year during 1985-1995 to 11.8 ha per year during
1995-2005 and 10.4 ha per year during 2005-2017. Further
findings showed that the agricultural area had been decreased
from 4,534 ha in 1995 to 4,039 ha in 2017, which is evidence
that after the scale-up of CSA from the year 1992, agricultural
practices were not contributing much to deforestation. Therefore,
agroforestry helped to reduce deforestation levels, especially
that caused by farming. We found that adoption of CSA
systems such as agroforestry (i.e., agrisilviculture) is very crucial
for improving farmer’s livelihoods and reducing deforestation.
Therefore, farmers need close mentoring on climate-resilient
agroforestry systems.
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